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1.0 GENERAL INSTALLATION PROCEDURE 


1 . 1 Introduction 

Dataram Corporati on ' s DR-111 memory system can be 
installed into various models of the PDP-11* series 
computers, which are: 


PDP-11/05 

PDP-11/10 

PDP-11/15 

PDP-11/20 

PDP-11/35 

PDP-11/40 

PDP-11/45 

ME11-L Expansion Unit 
MF11-L Assembly Unit 

In general, the DR-111 memory system is inserted into 
the appropriate connectors so that the A and B plugs 
interface with the UNIBUS* connectors. The component 
side of the DR-111 electronics board faces the same 
direction as the component side of the standard 
PDP-11 circuit boards. The DR-111 stack board, which 
is plugged into the rear of the DR-111 electronics 
board, blocks the next connector slot. 

The DR-111 memory system will not operate in the 
following configurations: ME11-LP, MF11-LP, MF11-U, 
MF11-UB, MF11-UC, MF11-UP, MF11-UR and MF11-US. 

The ME11-LP and MF11-LP assembly and expansion units 
are wired for the MM11-LP memories. These systems 
are 8K x 18 parity units. The DR-111 is a 16 bit 
word system and does not have the two parity bits 
for this configuration. 

The MF11-U series assembly units are wired for the 
MM11-U and MM11-UP 16K x 16 or 18 memory systems. 

These memory modules utilize supply voltages which 
are different from the voltages used by the DR-111 
modules. The_D_ R - 111 will b e dama g e d i f i t ls_ 
plu gged into these assembly units ! 

1 . 2 Unpacking and Inspection 

Each DR-111 is shipped in an individual, foam-lined 
shipping container for protection. This container 
and black plastic wrapper should be saved for future 
use if the unit is returned for repair. 

After unpacking the DR-111, it is important to inspect 
the unit for obvious physical damage prior to installation. 


♦PDP-11 and UNIBUS are registered trademarks of the 
Digital Equipment Corporation. 
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1 . 3 Address Strapping 

Each memory module in a system must have a different 
block starting address to prevent more than one module 
from responding to the same address from the processor 
or DMA device. This is accomplished by "strapping" 
addresses A13 through A17 on each module via a 16-pin 
dual in-line strapping plug and socket and wire wrap 
jumpers. The initial address may be any of the 
following: 


JUMPER LOCATIONS FOR MEMORY STRAPPING 


i i t i a 1 
idress 

From 

Pin 2 

To 

From 

Pin 7 

To 

From 

Pin 4 

To 

Wire Wrap 
Jumpers 




8 K 

1 6K 

R To 

W To 

0 

3 

8 

16,15 

16-13 

P 

V 

4K 

3 

8 

15,14 

15-12 

P 

V 

8K 

3 

8 

14,13 

14-11 

P 

V 

12K 

3 

8 

13,12 

13-10 

P 

V 

16K 

3 . 

8 

12,11 

12-9* 

P 

V 

20K 

3 

8 

11,10 

11-9 & 5 

U 

V 

24 K 

3 

N/C 

10,9* 

15 & 10 

P 

U 

32 K 

3 

6 , 

16,15 

16-13 

P 

V 

40K 

3 

6 

14,13 

14-11 

P 

V 

48K 

3 

6 

12,11 

12-9 

P 

V 

56K 

3 

N/C 

10,9 

9 & 5 

P 

U 

64 K 

1 

8 

16,15 

16-13 

P 

V 

72 K 

1 

8 

14,13 

14-11 

P 

V 

80K 

1 

8 

12,11 

12-9 

P 

V 

88K 

1 

N/C 

10,9 

15 & 10 

P 

U 

96K 

1 

6 

16,15 

16-13 

P 

V 

1 04 K 

1 

6 

14,13 

14-11 

P 

V 

1 12K 

1 

6 

12,11 

12-10 

P 

V (124K 

120K 

1 

N/C 

10 

N/A 

P 

u 

*Jumper 

T-S for 

31K Operation 





Max. ' 



Plug shown for Initial Address of 0, 16K Memory System 




< 


1 . 4 Address Strapping DEC*MM11-L Memory System 


When increasing the capacity of a PDP-11 computer, it 
may become necessary to remove one or more DEC MM11-L 
systems. For example, a PDP-11/05 with 16K of memory 
(two MM11-L systems) can be expanded to 24K by 
replacing one of the 8K MM11-L systems with a 16K 
DR-111 system. 

As with the DR-111 system, the MM11-L systems are also 
"strapped 1 ’ for different block starting addresses. For 
the given example, one module is strapped 0-8K and the 
other 8-16K. 

The modules strapped for 8-16K must be removed. This 
strapping, shown in Figure 1, is accomplished with 
four jumpers ( W 2 , W 3 , W4 and W6) located on the G 1 1 0 
Control Module. 

The MM11-L memory system consists of three modules: 

G 1 1 0 Control Module, G231 Memory Driver Module, and 
H214 Memory Stack Module. All three modules must be 
removed when replacing an MM11-L with a DR-111. 


*DEC is a registered trademark of Digital Equipment Corporation 
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Connector Edge 


Jumper locations Wl, W5, W9 and W10 are shown for reference only. 





Memory Bank 
(words ) 

0-8K 

8-16K 

16-24K 

24-32K 

32-40K 

40-48K 

48-56K 

56-64K 

64-72K 

72-80K 

80-88K 

88-96K 

96-104K 

104-112K 

112-120K 

120-128K 


Device Address Jumpers 


W6 

A14 or A01 

I n 

Out 

I n 

Out 

I n 

Out 

In 

Out 

In 

Out 

I n 

Out 

In 

Out 

In 

Out 


W4 

W3 

W2 

A 1 5 

A16 

A17L 

In 

In 

In 

I n 

I n 

In 

Out 

I n 

In 

Out 

In 

I n 

I n 

Out 

In 

I n 

Out 

In 

Out 

Out 

In 

Out 

Out 

In 

In 

I n 

Out 

In 

I n 

Out 

Out 

In 

Out 

Out 

I n 

Out 

I n 

Out 

Out 

In 

Out 

Out 

Out 

Out 

Out 

Out 

Out 

Out 




DEC ADDRESS STRAPPING 

Figure 1 




2.0 INSTALLATION IN PDP-11/05 and PDP-11/10 


2.1 Standard DEC PDP-11/05 and PDP-11/10 Configurations 

There are two configurations of the 5V PDP-11/05 and 
PDP-11/10 assembly units which are shown in Figure 2. 
The 10%" PDP-11/05 and PDP-11/10 assembly units have 
one configuration and this is shown in Figure 3. 

Configuration 1 of the 5k" unit is wired for 16K of 
DEC memory (6 boards) with one small peripheral 
controller slot. 

Configuration 2 of the 5k" assembly unit is wired for 
8K of memory with four small peripheral controller 

slots. 

The 10%“ assembly unit is wired for 16K of memory. 

The computer chassis also has space available for 
3 nine slot system units. 

The DR-111 modules may be installed in various combin- 
ations with or without the MM11-L memories. No 
modification of the computer backplane is necessary. 
The following subsections describe typical memory 
configurations. 

NOTE: When removing MM11-L memories, all three 

' cards ( G 1 1 0 , G231 and H214) must be 

removed. Verify and change, if necessary, 
address strapping of remaining MM11-L 
memor i es for contiguous address blocks 
starting from 0. 
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1 
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1 
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J 

| PROCESSOR " 1 

rzn 

PROCESSOR 
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B 
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un i bus 


UN I BUS TERMINATOR] 




CONNECTOR COLUMNS 


c 


D 


E 


♦♦PERIPHERAL CONTROLLER 


**PERIPHERAL CONTROLLER 






PERIPHERAL CONTROLLER 
PERIPHERAL CONTROLLER 


DEC MEMORY STACK H214 


DEC MEMORY DRIVER G231 
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SLOT 

V 


1 



2 

3 

4 

5 

6 

7 

8 
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Configuration 2 (8K) 


Figure 2 
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DF11 


1 

SCL 


MAINT 
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PROCESSOR 


PROCESSOR 


** DEC MEMORY CONTROL GllO 


UNIBUS TERMINATOR 
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Figure 3 - 104" DEC PDP 
Configuration (16K) 
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Installation in Configuration 1 of 5 


2.2.1 24K Word Configuration (Figure 4) 


U' 


Assembl 


The 24K word configuration uses one DR-111 module and 
one MM11-L system. 

The DR-111 is installed in slot 3. The stack blocks 
slot 4. The UNIBUS terminator remains in connectors 
5A/5B. UNIBUS signals are available in slots 2A/2B 
and a UNIBUS terminator or external cable can be 
inserted in this location. 


CONNECTOR COLUMNS 


ri at 


MAINT 


UNIBUS TERMINATOR 


**PERIPHERAL CONTROLLER 


NOT AVAILABLE 


UNI8US TERMIN 


DEC MEMORY STACK H214 


DEC MEMORY DRIVER G231 


DEC MEMORY CONTROL GMO 


PROCESSOR 


PROCESSOR 


*0R EXTERNAL CABLE 
**0R GRANT CONTINUITY CARD 


Figure 4 - 24K Word Installation Configuration 1 of PDP-11/05 

and PDP-11/10 











2.2.2 32K Word Configuration (Figure 5) 


The 32K word configuration uses two DR-111 modules 
and no MM11-L. 

The DR-111 modules are installed in slots 3 and 5. 
The stack board blocks the adjacent slots 4 and 6, 
respectively. The UNIBUS terminator board normally 
located in connectors 5A/5B is moved to connectors 
7A/7B. The UNIBUS signals are also available in 
connectors 2A/2B. A UNIBUS terminator or cable can 
be inserted in this location. 


CONNECTOR COLUMNS $LC 

Ia I b| c Id |e Jf |V 



*0R EXTERNAL CABLE 
**0R GRANT CONTINUITY CARD 

Figure 5 - 32K Word Installation Configuration 1 of PDP-11/05 

and 11/10 


- * 3 Installation in Conf i gura t i on 2 of 5% M Assembly Unit 


3.3.1 1 6 K Word Configuration (Figure 6 ) 

The 1 6 K word configuration has one DR-111 module, four 
peripheral controllers and no MM11-L. 


The DR-111 is installed in slot 5. Slot 6 is blocked 

by the stack board. The UNIBUS terminator normally 

located in connectors 5A/5B is moved to connectors 

7A/7B. Connectors 3A/3B and 4A/4B are available for 

installation of either a second terminator or UNIBUS 
cable. 



• f 


CONNECTOR COLUMNS SLOT 

l A | B |C|D|E|Fiy 


UNUSED ~! f 

**PERIPHERAL CONTROLLER 


IJL 

1 MAINT 1 MAI NT 1 T 

**PEP.IPHERAL CONTROLLER 


1 2 

1 *UN I BUS TERMINATOR 1 T 

**PERIPHERAL CONTROLLER 

• 

1 3 

UN I BUS 1 T 

**PERIPHERAL CONTROLLER 


1 

# 

DR-111 


5 

6 

fuNIBUS TERMINATOR] |~ 

NOt USED 

i 

7 

f ■ ■ — 



1 

PROCESSOR 




PROCESSOR 


9 


*0R EXTERNAL CABLE 
**0R GRANT CONTINUITY CARD 

Figure 6 - 16K Word Installation in Configuration 2 of PDP-11/05 

and PDP-11/10 


2.3.2 2 4 K Word Configuration (Figure 7 ) 


The 24K word configuration has one DR-111 module, one 
MM11-L and two peripheral controllers. 

The DR-111 module is installed in slot 3. Although 
the stack partially blocks slot 4, there is sufficient 
room available to plug a UNIBUS cable in connectors 
4A/4B and a Grant Continuity Card in connector 4D. 

If it is necessary to terminate the UNIBUS in 
connectors 4A/4B, a special terminator board, DRC 
part number 6110.6, may be purchased from Dataram 
for installation in this location. The standard 
DEC M 9 3 0 terminator will not fit mechanically in 
this application. 



CONNECTOR COLUMNS 


SLOT 


A | 8 

1 c 

D | E 

F 

UNUSED **PERIPHERAD-CPNTROLLER 

n 


MAI NT MAI NT 

I ^PERIPHERAL CONTROLLER I 


DR-111 

*UNIBUS CABLE ~! 

!grnt cardI 



UNIBUS TERMINATOR 

DEC MEMORY STACK H214 


DEC MEMORY DRIVER G231 


DEC MEMORY CONTROL G110 



PROCESSOR 


V<. t 


/ S' 

sr ; bfi’C /6< 


*0R DRC 61106 TERMINATION BLOCK 
**0R GRANT CONTINUITY CARD 



Figure 7 - 24K Word Installation Configuration 2 of PDP-11/05 

and PDP-11/10 
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2.3.3 3 2 K Word Configuration (Figure 8) 


The 32 K word configuration has two DR-111 modules 
and two peripheral controllers. 

The DR-111 modules are installed in slots 3 and 5. 
The stack partially blocks slots 4 and 6. 

The UNIBUS terminator normally located in connectors 
5A/5B is moved to connectors 7A/7B. Although the stack 
partially blocks slot 4, there is sufficient room avail- 
able to plug a UNIBUS cable in connectors 4A/4B and a 
Grant Continuity Card in connector 4D. If it is 
necessary to terminate the UNIBUS in connector 4A/4B, 
a special terminator board, Dataram part number 61106, 
may be purchased from Dataram for installation in this 

location. 


CONNECTOR COLUMNS 


I 


A 


B 


C 


D 


E 


F 


UNUSED 


^PERIPHERAL CONTROLLER 


MAI NT 


MAINT 1 [ 


♦♦PERIPHERAL CONTROLLER 


DR-111 


UNIBUS CABLE 


1 


t GRNT CARL, 



DR-111 


UNIBUS TERMINATOR 


UNUSED 


PROCESSOR 


prSUessor 


SLOT 

¥ 

1 

2 

3 

4 

5 

6 
7 


J 8 


9 


Figure 8 - 


*OR DRC 61106 TERMINATION BLOCK 
**0R GRANT CONTINUITY CARD 

32K Word Installation Configuration 2 of PDP-11/05 
and PDP-11/10 
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.» *• 


2.4 Installation in 


10% M 


Assembly Unit 


2.4.1 24K Word Configuration (Figure 9 ) 

The 24K word configuration uses one DR-111 module 
and one MM11-L system. 

% 

The DR-111 is installed in slot 4. The stack blocks 
slot 5. The UNIBUS terminator remains in connectors 
6A/6B. UNIBUS signals are available in slots 9A/9B 
and a UNIBUS terminator or external cable can be 
inserted in this location. 



CONNECTOR COLUMNS 


SL( 


DF11 



UNIBUS TERMINATOR 


SCL 


PROCESSOR 


ES 


MAI NT 


DR-111 


MAINT 


DEC MEMORY CONTROL 



*UNIBUS TERMINATO 


DEC MEMORY STACK H214 


*0R EXTERNAL CABLE 


Figure 9 - 24K Word Installation in 10V* PDP-11/05 and PDP-11/10 

















2.4.2 32K Word Configuration (Figure 10) 


The 32K word configuration uses two DR-111 modules 
and no MM11-L. 

The DR-111 modules are installed in slots 4 and 7. 
The stack board blocks the adjacent slots 5 and 8, 
respectively. The UNIBUS terminator board is 
located in connectors 6A/6B. The UNIBUS signals 
are also available in connectors 9A/9B. A UNIBUS 
terminator or cable can be inserted in this 
1 ocati on . 
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B 


C 
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D 


E 


F 


DF11 



SCL 



PROCESSOR 


PROCESSOR 


UNIBUS TERMINATOR 



UNUSED 


SLOT 

iv 
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2 
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4 

5 


6 


DR-111 



UNUSED 


*0R EXTERNAL CABLE 


7 

8 
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Figure 10 - 32K Word Installation in 10% M PDP-11/05 and PDP-11/10 
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3.0 


INSTALLATION IN THE MF11-L ASSEMBLY UNIT OF THE PDP-11/35, 
PDP-11/40, PDP-11/45 COM PUTERS AND M E11-L E XPANSION CHASSIS 


3.1 Standard DEC Configurations 


The basic PDP-11/35, 40 and 45 computers consist of two 
double system units, each unit containing nine rows of 
connectors. The first nine slot system unit contains 
the processor and associated option boards and is not 
used for memory i nstal 1 ation. The second nine slot 
system unit is prewired for DEC memory modules. In 
many installations, this double system unit is an 
MF11-L assembly unit which generally contains 8K to 
24K of MM11-L memory. There is room in each computer 
for additional MF11-L system units for memory expansion. 

Some installations may contain other memory assembly 
units which are discussed in Section 5. 

The ME11-L is a completely self-contained system. It 
is an MF11-L mounted in a 5 V high box that includes 
a power supply. The .ME11-L is used for memory expansion 
for all PDP-11 computers, such as, the PDP-11/05, PDP-11/10, 
PDP-11/15, PDP-11/20, PDP-11/35, PDP-11/40 and PDP-11/45. 

This section describes typical installation details for 
mounting DR-111 modules in the MF11-L assembly with or 
without MM11-L memories. Memory expansion beyond the 
basic unit is identical when other MF11-L backplanes are 
installed. Figure 11 shows slot allocation for a fully 
expanded 24K MF11-L assembly using MM11-L memories. 
Connectors 1A/1B and 9A/9B are used either to extend or 
to terminate the UNIBUS. The standard UNIBUS jumper is 
used to extend the bus from system unit to system unit. 

The terminator is installed in the last system unit at 
or near the end of the bus. Using these requ i rement s , 
the following subsections describe various word 
capacities using DR-111 modules. 
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MEMORY STACK 3 H214 


*UNIBUS TERMINATOR 9 


MEMORY DRIVER 3 G231 


8 
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[ 




MEMORY CONTROL 2 G110 


MEMORY DRIVER 2 G231 


I] 5 


MEMORY STACK 2 H214 



UNIBUS 


MEMORY CONTROL 1 G110 


MEMORY DRIVER 1 G231 



1 h2TT 




SOLDER SIDE 


4 


3 


2 

T 


COMPONENT SIDE 
Figure 11 - Standard 


*0R JUMPER OR EXTERNAL CABLE 
DEC MF11-L Memory Configuration 
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16K, 3 2K, 48K and 64K Word Configurations (Figure 13) 


These configurations use up to three DR-111 
Management is required for the 48K word and 
urations. For 48K words, the DR-111 module 
in slots 2, 4 and 6. 


modul es . Memory 
64K word config- 
are installed 


A 32K word capacity can be configured by installing two 
DR-111 modules in slots 2 and 4. Similarly, 16K words 
can be configured by installing one DR-111 module in 
slot 2 . 

The 64K word capacity can be configured by installing 
another DR-111 module in slot 8. Although the stack 
partially blocks slot 9, the UNIBUS cable or jumper 
will fit in connector 9A/9B. If it is necessary to 
terminate the UNIBUS in connector 9A/9B, a special 
terminator, DRC part number 61106, may be purchased 
from Dataram for installation in this location. 


CONNECTOR COLUMNS 


nJNIBUS TERMINATOR 


DR-111 



R-lll 


DR-111 



DR-111 


NOT AVAILABLE 


UNIBUS JUMPER 


*0R JUMPER OR EXTERNAL CABLE 

USE DRC P/N 61106 TERMINATION 
BLOCK IF DR-111 IS PLUGGED 
INTO SLOT 8. 



Figure 13 -48K Word Configuration in MF11-L 













2 4 K Word and 4 OK Word Configurations (Figure 12) 


These configurations use one MM11-L memory and up to two 
DR-111 modules. Memory Management is required for the 
40K word configuration. The DR-111 modules are 
installed in slots 5 and 7. 

A 24K word capacity can be configured by installing 
only one DR-111 module in slot 5. 
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Figure 12 - 40K Word Installation in MF11-L 
















3 2 K Word Configuration (Figure 14) 

This configuration uses two MM11-L memories and one 
DR-111 module. 

The DR-111 module is installed in slot 7. 
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Figure 14 - 32K Word Configuration in MF11-L 






Although the DR-111 i s -el ectri cal 1 y compatible with the 
PDP-11/15 and PDP-11/20 UNIBUS signals, it cannot 
physically fit inside the BAll-CC or BA11-CS mounting 

boxes. 

However, there are application where the basic machine 
is expanded with an ME11-L extension box. DR-111 
modules can be installed in this equipment as described 

in section 3.0. 
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5.0 SPECIAL DEC CONFIGURATIONS 


5 . 1 MF11-LP Assembly Unit and MEI1-LP Extension Box 

The MF11-LP and ME11-LP are wired for the MM11-LP memories. 
These memories (8K x 18) contain two extra bits for parity 
signals. The DR-111 modules are 1 6 K x 16 systems and 
cannot be used for these applications. If the DR-111 
module is inserted accidentally into the MF11-LP or ME11-LP, 
the DR-111 or CPU will not be damaged. 

5.2 MF11-U, MF11-UB, MF11-UC, MF11-UP, MF11-UR and 

MF 1 1 - US Assembly Units 

The MF11-U series assembly units are double system units 
wired to accept two DEC MM11U or MM11-UP 16K x 16 memory 
systems. The MM11-U and MM11-UP memory modules are 
designed to operate from different supply voltages than 
the MM11-L modules. The backplane wiring of the MF11-U 
series assembly units is such that these voltages appear 
at connector pins used by the DR-111 modules. If a DR-111 
module is installed in the MM11-U series assembly units, 
COMPONENTS ON THE DR-111 WILL BE DAMAGED ! 

The drawing in Figure 15 shows the configuration of the 
MF11-U series assembly units. 

For identification purposes, the following is a list of 
the modules used to configure an MM11-U memory: 


M8293 

Timing and Control Module 

G 1 1 4 

Sense and Inhibit Module 

G23 5 

X/Y Driver Module 

H217D 

Memory Stack Module 

H217C 

Memory Stack Module (MM11-UP) 

M 7 2 5 9 

Parity Module (MM11-UP) 
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1.0 DESCRIPTION 



1.1. General 

The Dataram Corporation Model DR-111 memory system 
is designed to operate in Digital Equipment Corpora t i on ' s 
PDP-11 computers. The DR- 1 1 i memory may be operated with, 
or in place of, the DEC Model MM11-L or the MM11-K 
memories . 

The DR-111 can be installed directly into various 
models of the PDP-11 series computers and expansion 
units. They include: 


A. 

PDP-11/05 

and 

PDP-11/10 

B. 

PDP-11/15 

and 

PDP-11/20 

C. 

PDP-11/35 

and 

PDP-11/40 

D. 

PDP-11/45 


• 

E. 

ME11-L and 

MFll-L 


2.0 SYSTEM SPECIFICATIONS 


2 . 1 System Characteristics 

2.1.1 Capacity 

The storage capacity of the basic DR-111 memory 
is 16,384 words by 16 bits. The system is also 
available with 8,192 words by 16 bits. 

A maximum capacity of 128K words by 16 bits is 
available by combining 8 memory assemblies. 
Memory extension is available as a Unibus 
expansion option and allows a total of 124K 
by 16 bit words of memory to be used in the 
computer. The upper 4K of 128K is reserved 
for I/O device addresses. 


2.1.2 Modes 


2.1.3 


DATI 

Read/Restore 

DATIP 

Half Cycle Read 

DATO 

Clear/Write 

DATOB 0 

Read/Restore Byte 1 

DATOB 1 

Clear/Write Byte 0 
Read/Restore Byte 0 

Cycle Time 

Clear/Write Byte 1 


900 nanoseconds DATI, DATO or DATOB 

600 nanoseconds DATIP (and DATO following DATIP) 


2.1.4 Access Time 


The access time of the DR-111 memory is 350 nanosec or 
less. The access time is measured at the Unibus connec 
tor of the memory module. The time delay between the 
+1.5 volt levels of the MSYN pulse and SSYN during 
memory read cycles is defined as "access time". See 
Figure 3 . 


2.1.5 Power Requ i remen ts 


The DR-111 memory system requires the same DC voltages 
as the DEC memory. The voltage-current requirements 
are as follows for each 16,384 by 16 memory assembly: 


+ 5V 
-15V 


Operating 

Amps 


Standby 

Amps 


3.5 2.0 

4.5 0,2 


Voltage 
Tol erance 


±5% 

±5% 
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2.2 


Addressing 


The DR-111 memory will accept a full 18 bit address with 
the least significant bit being used for byte selection. 

The address lines to the memory are single rail; the 
addressing mode may be random. The address lines are 
identified as AO through A17. 

AO is used for byte selection. A1 through A14 are decoded 
for 1 of 16,384 address locations within any memory module. 

A13 through A17 are "strappable" on the memory module. 

These address lines may be strapped to set the initial 
address for a memory module. A 16 pin dual-in-line 
socket is provided to accommodate the strapping jumpers. 

The initial address may be any of the following; 


al Address 

Pin 

2 Pin 7 

Pin 

4 

Jumper 





8K 

16K 

R 

W 

0 


3 

8 

16,15 

16-13 

P 

V 

4 K 


3 

8 

15,14 

15-12 

P 

V 

8K 


3 

8 

14,13 

14-11 

P 

V 

1 2 K 


3 

8 

13,12 

13-10 

P 

V 

1 6K 


3 

8 

12,11 

12-9* 

P 

V 

20K 


3 

8 

11,10 

11-9 & 5 

U 

V 

24 K 


3 

N/C 

10,9* 

15 & 10 

P 

u 

32K 


3 

6 

16,15 

16-13 

P 

V 

40K 


3 

6 

14,13 

14-11 

P 

V 

48 K 


3 

6 

12,11 

12-9 

P 

V 

56K 


3 

N/C 

10,9 

9 & 5 

P 

u 

64 K 


1 

8 

16,15 

16-13 

P 

V 

72K 


1 

8 

14,13 

14-11 

P 

V 

80K 


1 

8 

12,11 

12-9 

P 

V 

88K 


1 

N/C 

10,9 

15 & 10 

P 

u 

96K 


1 

6 

16,15 

16-13 

P 

V 

1 04 K 


1 

6 

14,13 

14-11 

P 

V 

1 1 2 K 


1 

6 

12,11 

12-10 

P 

V 

120K 


1 

N/C 

10 

N/A 

P 

u 


★ 

Jumper 

T-S for 31K operation. 




( 1 24 K Max. ) 


JUMPER LOCATIONS FOR MEMORY STRAPPING 

TABLE I 



i 


2.2.1 Interleaving 


Two DR-111 memories may be interleaved to provide a faster 
cycle time when used in the PDP-11 processor. When two 
memory modules have been interleaved, odd numbered addresses 
are assigned to memory module A and even numbered addresses 
are assigned to memory module B. During normal processing, 
the loading and unloading of core memory is accomplished in 
a sequential manner. The DR-111 has its own address and 
data registers, therefore, it is possible for the CPU to 
start memory A and, before memory A has completed its 
cycle, the CPU may start memory B. 


Memory A 



Memory B 


Memory A 


Memory B 


The DR-111, if used as an 8K module, may be interleaved 
with another 8K memory module such as the DEC MM11-L. 




The two sections of one DR-111 may not be interleaved. 
Pin Signal 


CA2 , DA2 
EA2 , FA2 
CB2 , DB2 
EB2 , FB2 
CC2 , DC2 
EC2, FC2 
CT1 , DTI 
ET1 , FT1 


+ 5 V 
+ 5 V 
-15 V 
-15 V 
OV 
OV 
OV 
OV 


DK2 
DL2 
DM2 
DN2 
DP2 
DR2 
DS2 
DT 2 

All other 


BUS GRANT 1 IN 

BUS GRANT 1 OUT 

BUS GRANT 2 IN 

BUS GRANT 2 OUT 

BUS GRANT 3 IN 

BUS GRANT 3 OUT 

BUS GRANT 4 IN 

BUS GRANT 4 OUT 

pins not listed above are open circuit. 


TABLE III 
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Interface 


The memory interfaces with the processor or other memories 
or peripherals via the Unibus. The Unibus signals and their 
appropriate pin numbers are shown in Table IV. The memory 
also provides jumpers for passing the bus grant lines 
through the memory. See Table III for pin connections. 


Signal 

IN IT L 
l INTR L 
D00 L 
D02 L 
D04 L 
D06 L 
D08 L 
DIO L 
D 1 2 L 
D14 L 
i PA L 
OV 
OV 

OV . 

OV 
OV 

l NPG H 
1 BG7 H 

l BG6 H 
l BG5 H 
l BR5 L 
OV 
OV 

1 ACLO L 
A01 L 
A03 L 
• A05 L 
A07 L 
A09 L 
All L 
A13 L 
A 1 5 L 
A 1 7 L 
OV 

SSYN L 
MSYN L 

Note l Pins assigned 

2 +5 V used for 


DEC No. 


AA1 

AA2 

AB1 

AB2 

AC 1 

AC2 

ADI 

AD2 

AE1 

AE2 

AF1 

AF2 

AH1 

AH2 

AJ1 

AJ2 

AK1 

AK2 

AL1 

AL2 

AMI 

AM2 

AN1 

AN2 

API 

AP2 

AR1 

AR2 

AS1 

AS2 

ATI 

AT2 

AU1 

AU2 

AVI 

AV2 

BA1 

BA2 

BB1 

BB2 

BC1 

BC2 

BD1 

BD2 

BE1 

BE2 

BF1 

BF2 

BH1 

BH2 

BJ1 

BJ2 

BK1 

BK2 

BL1 

BL2 

BM1 

BM2 

BN1 

BN2 

BP 1 

BP2 

BR1 

BR2 

BS1 

BS2 

BT1 

BT2 

BUI 

BU2 

BV1 

BV2 


in Unibus connector, 
termination only. 


Signal 

+ 5 V 2 

OV 

OV 

D01 L 
D03 L 
DOS L 
D07 L 
D09 L 
Dll L 
D13 L 
D 1 5 L 
PB L 1 
BBSY L 1 
SACK L 1 
NPR L l 
BR7 L 1 
BR6 L l 
OV 

+ 5 V 2 

OV 

OV 

BR4 L i 
BG4 L l 
DC LOL 
A00 L 
A02 L 
A04 L 
A06 L 
A08 L 
A10 L 
A12 L 
A14 L 
A 1 6 L 
Cl L 
CO L 
OV 

not used in memory. 


UNIBUS SIGNALS 


TABLE IV 


2.3.1 Input Signals 

Signals required by the memory are listed below: 


A0-A17 

ADDRESS LINES 

CO, Cl 

CONTROL LINES 

MSYN 

MASTER SYNC 

I N IT 

INITIALIZE 

DC OK 

DC POWER OK 

D0-D1 5 

DATA LINES 


All signals terminate at the memory in National DM8837N 
or DM8838N unified bus receiver/transceiver integrated 
circuits. 

2.3.2 Output Signals 

Output signals for the memory are listed as follows: 

D0-D15 DATA LINES 

SSYN SLAVE SYNC 

The D0-D15 output signals from the memory are driven by 
National DM8838N quad unified bus transceivers. 

2.3.3 System Instal 1 ation 


For system location and installation refer to Dataram 
Installation Manual 06011. 


2.4 Mechanical 


The DR-111 memory system is designed to fit mechanically 
into the PDP-11 computer utilizing the space of two DEC 
Standard Hex printed circuit boards. Section 4.1 of 
Documentation shows the location of the DR-111 system 
in various modes . 

Each memory module has a storage capacity of 16,384 words 
by 16 bits. The magnetics assembly plugs onto the rear 
of the memory electronics board using Amp Mod I connectors 
The dimensions of the memory module are .78 x 8.96 x 15.58 
inches and it occupies two card slots in the computer 
chassi s . 


2.5 Environmental 


The DR-111 memory is capable of sustained operation in the 
PDP-11 computer over the temperature range of 0°C to +50°C 
and 0 to 90% relative humidity. 
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3.0 THEORY OF OPERATION 


3 D - 3 Wire Organization 

A coi nc i dent -current core memory, such as the DR-111, has 
as its basic storage element, a ferrite core, which has a 
well-defined switching character i sti c . Its operation will 
be explained by referring to Figure 1. This figure defines 
the switching characteristic of the core and is known as 
the "hysteresis loop". It shows the relationship of the 
flux (magnetic field strength) in the core with respect to 
the total current flowing through the core aperture. Flux 
above the origin can be arbitrarily defined as flux in the 
clockwise direction and flux below the origin will be 
counterclockwise. The direction of flux will define the 
storage of a "1" or a "0". Currents on either side of the 
origin will have opposite directions of current flow through 
the core. In this explanation, current to the right of the 
origin will be considered "Read" current and to the left 
will be "Write" current. A core can be in a "1" or "0" 
state as shown on the hysteresis loop. 

If it is in the "1" state, a Read current will put it in 
the "0" state and the flux will change from -$ to +$> which 
means the flux will flip from a counterclockwise orientation 
to clockwise. This change in flux (2$) will cause a voltage 
to be induced on the sense wire which threads the core being 
interrogated by the Read current and this voltage will be 
detected as a "1" by the sensing circuitry connected to the 
sense wire. In the DR- 1 1 i system, the "1" output is approx- 
imately 30 millivolts. If the core had been in the "0" state, 
Read current would cause only a relatively small ( approx i ma tel y 

4 millivolts in DR-111) change in flux and, therefore, the 
induced voltage would be seen as a "0" by the sensing circuitry 
since it is below the minimum detection level. 

To Write, the switching current polarity will be opposite in 
polarity in relation to the Read current. The Write current 
will cause the flux to go to a counterclockwise orientation 
which defines the core as being in the "1" state. When the 

core does not receive a full Write current during a Write 

operation, it will stay in the "0" state. 



Selection of a particular word in a memory array is shown in 
Figure 2. The intersection of selected X and Y drive lines 
in an array will cause the same corresponding core in each 
bit plane to be pulsed by full Read and full Write currents. 
In Figure 2, the top left core of each bit plane is selected 
and the number of bit planes define the number of bits per 
word. Some unselected cores may experience h a 1 f -amp 1 i tude 
currents, but the amplitude of these ha 1 f -amp 1 i tude currents 
will not be sufficient to exceed the knee on the hysteresis 
loop (see Figure 1) and the core will remain in its previous 

state. 



30-3 WIRE SCHEME 
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The coincidence of half-Write currents at the selected core 
location in each bit would cause the selected core to experience 
full Read and Write currents. This is desired during a Read 
operation but during a Write operation, it is necessary to 
control the Write current so that either a 'T or a "0" may 
be written. This is accomplished by using the sense winding 
as an inhibit winding during Write time and an inhibit driver 
per bit array. The sense/inhibit winding threads every core in 
the bit array and the inhibit driver will pulse current through 
this winding when a "0“ is to be written. The inhibit current 
has the opposite polarity to write current and when it is "on" 
it cancels one of the two half write currents. The resultant 
current will be a half-Write, which will be insufficient to 
switch the core and it will remain in the "O' 1 state. 


System Description 

The DR-111 memory system may be broadly divided into four basic 
subdivisions. 

a. Timing and Control Circuitry 

b. Planar Core Array 

c. X & Y Current Drive Circuitry 

d. Data Loop Circuitry 
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3.2.1 Timing and Control Circuitry 


The memory, which can only act as a slave to the 
processor or I/O device, receives commands, address 
and data information on the Unibus. The internal 
circuitry of the memory responds to these signals 
in the following sequence: 

a. The address information on the Unibus is 
exami ned . 

b. If the address does not fall within the address 
block to which the memory is strapped, it continues 
to remain in its non-cycling state. Otherwise, the 
mode formation on the Unibus is decoded. Timing 
signals necessary to perform the required mode are 
generated simultaneously and address bits 1 through 
14, control signals Cl and C2 are stored. If the 
required mode happens to be a Write operation, then 
the data bits are also stored at the same time. 

(See Figures 3 and 4) 


3.2. 1.1 Modes of Operation 


The operating mode of the memory is determined by the 
state of the CO and Cl control lines and the AO address 


1 i nes 

• 

These 

modes are defined 

as follows: 

AO 

Cl 

CO 

Command 

Opera ti on 

X 

0 

0 

DATI 

Read/Restore 

X 

0 

1 

DATIP 

Half Cycle Read 

X 

1 

0 

DATO 

Cl ear/Wri te 

0 

1 

1 

DATOB 0 

Read/Restore Byte 1 
Clear/Write Byte 0 

1 

1 

1 

DATOB 1 

Read/Restore Byte 0 
Clear/Write Byte 1 


The control lines may be sequenced in any manner, however, 
the operation immediately following a DATIP will be forced 
by the memory logic to be half cycle write. The processor 
will normally send a DATO or DATOB after a DATIP and these 
commands will be converted by the memory logic to half 
cycle write operations. 
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3.2. 1.1.1 Data-In, DAT I or DATIP 

Data-In is the data transfer from the DR-111 memory 
to a master. DAT I and DATIP are similar data-in 
operations . 

Figure 3 shows the timing between master and memory 
for a typical DATI or DATIP. A bus master places 
the address and required control bits on the A and 
C Unibus lines. The memory decodes these A and C 

signals to see if it is selected as the slave for 
this transfer. 


The master waits after putting the address and control 
bits on the A and C lines. If the previous slave has 
ended its part of the preceding data cycle by negating 
SSYN, the master asserts MSYN . 

The selected memory, after receiving the assertion of 
MSYN, places the requested data on the D lines and 
asserts SSYN. 

The master receives the assertion of SSYN, strobes 
the data and negates MSYN. 

The receipt of the negation of MYSN informs the 
memory that the master has accepted the data. The 
DR-111 then removes the data from the D lines and 
negates SSYN. This ends the memory's part of the 
data transfer cycle. 

3. 2. 1.1. 2 Data-Out, DATO or DATOB 

Data-Out is defined as a data transfer from a master to 
the DR-111 memory. DATO and DATOB are Data-Out operations 
The timing and protocol for both of these operations are 
identical . 

Figure 3 shows the interaction between master and memory 
for a typical DATO or DATOB. A bus master places the 
memory address, the required control bits and the data 
on the A, C and D Unibus lines. The DR-111 decodes 
A and C signals to see if it is selected as the slave 
for this transfer. 


The master waits after putting the A, C and D bits 
Unibus. If the previous slave has ended its part of 
preceding data cycle by negating SSYN, the master 
asserts MSYN. 


on the 
the 
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After receiving the assertion of MSYN, the memory selected 
as slave strobes the data on the D lines and asserts SSYN. 

The master, after receiving the assertion of SSYN, negates 
MSYN, removes data from the D lines, deskews and removes 
the A and C bits from their lines. 

Upon receipt of the negation of MSYN, the DR-111 ends its 
part of the data transfer cycle by negating SSYN. 


3.2.2 


3.2.3 


Planar Core Array 

The array is of 3D-3 wire organization and uses 18 mil lithium 
ferrite cores. The X:Y aspect ratio of the array is 128:128 
with 8 drives and 16 sinks. Each sense/inhibit line threads 
through the full complement of 16,384 cores. The . sense/ i nhi bi t 
lines are far end terminated with two 100 ohm resistors to 
ground. The array is driven with positive X and negative Y 
current during a Read operation and with negative X, positive 
Y and negative inhibit current during a .Wri te operation. m 
T his arrangement of the core array permits a shared drive 
scheme to be used in the DR-111 system minimizing the number 
of components used and thus improving the system reliability. 

See Figure 5 for stack pin configuration. 


X and Y Current Drive Circuitry (Figures 6, 7, 8 and 9) 

Figure 6 depicts the X and Y current scheme used in the DR-111 
memory system. The circuitry may be broadly divided into four 

basic sections: 


A. Current Regulator 

B. Address Registers 

C. Address Decoders 

D. Current Switches 


3. 2. 3.1 Current Regulator 

The current regulator section consists of two regulated 
current sources +STAB and -STAB. The +STAB source is 
used to drive positive current into the stack required 
by X Read and Y Write operations. The regulation of this 
source is done at the +5V end of the drive path. The -STAB 
source drives negative currents from the stack during Y Read 
and X Write operations and is regulated at the -15V end of 

the drive path. 

Both +STAB and -STAB sources are regulated against a common 
reference voltage so that the X and Y currents in both the 
Read and Write operations remain in balance once they have 
been set. The common reference voltage is controlled by a 
sensistor which changes its resistance with temperature 
and causes the drive currents to be compensated for changes 
in ambient temperature. The drive current is factory set 
at a level approximately 390mA at +25°C ambient temperatuie. 
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3 . 2 . 3 . 2 Address Registers 


The address registers store the address information on 
lines A01 through A14 at the beginning of a memory 
cycle. The address registers retain this addressing 
information until the beginning of another Read 
operation in the memory. 

3.2.3. 3 Address Decoders 


The address decoders convert the address information in 
the address registers to actual core locations as seen 
by the memory. The address bits 02, 03 and 04 are 
decoded to select one of eight Y drive switches while 
the address bits 07, 09, 13 and 14 are decoded to select 
one of sixteen Y sink switches. One of eight X drive 
switches is selected by decoding address bits 08, 05 
and 06 and address bits 10, 11, 12 and 01 select one 
of sixteen X sink switches. 

3 . 2 . 3 . 4 Current Switches 


All the current switches (including the inhibit switches) 
used in the DR-111 system are similar in electrical 
design. All of them are floating switches using a 
transformer coupled transistor as the switch. The 
decoders, when activated by the timing pulses, draw 
current through the primary of the transformer in the 
selected switch. This primary current induces current 
in the secondary connected across the base and the 
emitter of the transistor switching the transistor on. 

One unique feature of the drive organization is the 
"shared drive" scheme. The same current switch that 
drives Y Read current also drives X Write current. 

Also, one current switch drives both Y Write and 
X Read current. Thus, by time sharing one current 
switch between the X and Y dimensions, the DR-111 
memory uses only half the drive switches used by a 
conventional design approach to drive an identical 
size core array. 

Another unique feature of the drive organization is 
the "bridge sink" scheme. The sink switches are 
arranged so that a sink node is service by only 
one sink switch rather than two as in conventional 
drive schemes. This scheme uses only half the sink 
switches used by conventional design approaches to 
drive an identical size core array. 
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Figure 7 shows a generalized version of this “shared 
drive-bridge sink' 1 arrangement. A shared drive scheme 
is shown in which Qi supplies current in the Write 
direction for the X lines and in the Read direction 
for the Y lines. Transistor Q2 performs the comple- 
mentary function by supplying current in the Read 
direction for the X lines and in the Write direction 
for the Y lines. Thus, during a Read cycle, Q2 drives 
the X lines and Q\ drives the Y lines. During a Write 
cycle, Qi drives the X lines and Q2 drives the Y lines. 

The direction of current through the drive lines is 
determined by the bridge switch arrangement on the 
sink end of the lines. For the X line, this consists 
of transistors Q3-Q5 and diodes CR 5 -CR 8 . Transistor 
Q3 is turned on for both the Read and Write cycles. 
Transistor Q4 is turned on during the Read cycle only 
and Q5 during Write only. Thus, the path for X Read 
current is through Q4 , CR6, Q3 , CR 7 , Q2 > .and R 2 . 
Resistor R 2 determines the magnitude of the current. 

The path for X Write current is through Rl, , CR 1 , 

CR 5 , Q3 , CR8 and Q5. A similar determination establishes 
the path of current flow in the Y lines. 

Figures 8 and 9 show the actual current paths for the 
DR- 111 . 





JS 

> 2 




3.2.4 


Data Loop Circuitry (Figure 10) 


The Data Loop circuitry consists of the Unibus 
Transcei vers , the Data Register, Sense Amplifier 
and Inhibit Driver. The timing signals required 
for the Data Loop are generated in the Timing 
and Control. "IT" is the inhibit timing signal, 

"VTH" is the Sense Amplifier's threshold voltage, 

"SAS" is the Sense Amplifier Strobe, "LD" is used 
to load the data from the Unibus into the Register, 
"CLR" is used to clear the Register and "DOS" is 
used to gate the data from the DR-111 onto the 
Uni bus . 

A DATO or DATOB cycle clears the register and then 
loads the data in from the Unibus. During the 
Clear half cycle, the addressed location is cleared, 
i.e., the cores are set to zero. During the Write 
half cycle, the selected address receives a half 
select current in both the X and Y axis, switching 
the core to a "1". If a "0" is to be written into 
a selected core location, the Inhibit Driver is 
turned on during IT. This inhibit current opposes 
. the Y Write current and the selected core location 
is left in the "0" state. 

J 

A DATI cycle requires reading out of a selected core 
location and restoring the same information. During 
the Read half cycle, the data register is first reset. 
Then the sense amplifier is strobed, approximately 
during the peak of the core signal, setting the data 
register if a "1" was present. A "0" signal will not 
exceed the threshold voltage during the strobe time 
and, therefore, will leave the data register in the 
^eset state. The strobe adjustment is critical and 
should only be changed when absolutely necessary. 

It is set at approximately 350 nanoseconds from 
MSYNL. The threshold voltage to the sense amplifier 
is approximately 18 millivolts and is generated by a 
voltage divider network connected to the VTH supply. 

The inhibit driver is a floating transformer coupled 
transistor switch. The primary is driven from a 
75453 integrated circuit. Primary current flows in 
the transformer when the output from the data register 
(Data "0") and the inhibit timing signal are both low 
at the input to the gate. 
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FIGURE 10 

TYPICAL SENSE AND DATA LOOP 
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